Total and specific lactase activities in the small intestine of Chester White and Hampshire pigs were measured at 1, 8, 15, 22, 29, and 43 days of age. The small intestine was divided into 10 segments of equal length, the proximal 10 cm of each segment was scraped, and the scrapings were homogenized for use in the lactase determinations. Significant breed, age, and segment differences were observed for both specific and total activities. In both breeds, the total lactase activity at 1 day of age was lower than that at any other age. After reaching maximal levels at 15 days of age, the total activity declined with the loss of activity occurring primarily in the ileum. At 1 and 8 days of age, the total lactase activities for the two breeds were similar, but the Chester White pigs had higher activities at all other ages. The pattern of changes in specific activity with age was similar for both breeds. The mean specific activity was highest at 1 and 8 days of age and then fell progressively to minimal levels at 43 days of age. Chester Whites had higher specific activities than Hampshires during the first 4 weeks of life, but at 6 weeks of age there was little difference between the breeds. The peak lactase activity, expressed as total or specific activity, occurred in the proximal one-third of the small intestine of both breeds, and the distal one-third of the gut had relatively low activities as the animals matured.
In a previous study ( 1 ) of pigs between and by 6 weeks of age is similar to the low 5 and 6 months of age, the total lactase levels normally found in mature pigs. Unactivity in the small intestine of Chester fortunately, a summary of these studies inWhites was 2.5 times greater than that of volves a wide variety of breeds and crosses, Hampshires. To our knowledge there have and although a developmental pattern can been no other reports of significant differ-be derived from these experiments, it may enees in lactase activity between genetic not be applicable to the Hampshire and groups of swine. It is possible that Chester Chester White pigs used in our studies. Whites are born with higher intestinal lacThe purpose of this study was to detertase activities and maintain this propormine if the developmental patterns for tionately higher activity while undergoing these two breeds differed and whether the the same age-related changes expected in pattern established from specific activity Hampshires and other breeds. However, measurements differed from that derived the differences between the two breeds from measurements of total activity. could also be due to an alteration in the "normal" developmental pattern. Several
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MATEMALS AND METHODS

Animals. Four Chester White and four
Hampshire litters were used in this study with one pig from each litter killed at 1, 8, 15, 22, 29, and 43 days of age. Due to death losses in one of the four Hampshire litters, one pig from a 5th litter was substi tuted on days 29 and 43. The pigs were allowed to nurse throughout the 6-week ex perimental period, and a dry prestarter diet was offered to all litters after they reached 2 weeks of age. The amount of dry feed consumed was not recorded, because pre vious studies (1) had shown that diet did not alter mucosal lactase activity.
Sampling technique. The pigs were re moved from the sow between 8 and 9 AM and were killed approximately 4 hours later. Immediately after death, the intesti nal tract was removed and packed in crushed ice, and within 15 minutes the small intestine was stripped from its mesenteric tissue, and the length was mea sured and recorded. The small intestine was then divided into 10 segments of equal length, and the proximal 10 cm of each segment was removed and scraped com pletely leaving only the serosal tissue as described earlier (1) . The scrapings were washed into a chilled Potter-Elvehjem tube with cold 0.14 M KC1 to give a final homogenate volume of 30 ml.
Lactase and protein assays. The lactase and protein assays were as described pre viously (1) . Although the activity was de termined initially as the maximal velocity of galactose released (ju.moles/30 minutes) it is presented as (grams of lactose hydrolyzed/24 hours) to allow comparison with daily lactose intakes. The total activ ity in each segment of intestine was esti mated as:
Total activity in a segment = (total ac tivity in the homogenate) X length of the segment in cm/10 cm). Throughout the text the enzyme activity will be referred to as "mucosal lactase," but it should be em phasized that the scraping technique used in this study also removed the submucosa and muscle tissues.
Statistical design and analysis. The ex periment was a 10 X 6 X 2 factorial with measurements taken from 10 segments of small intestine in 6 different age groups of 2 breeds of pigs. Analysis of variance and 
RESULTS AND DISCUSSION
The body weights and lengths of the small intestines are shown in table 1. There were no statistically significant differences in the length of the small intestine or body weight between the two breeds. The length of the small intestine at the various ages was quite similar to that reported by other workers (2, 7).
The total mucosal lactase activities of Chester White and Hampshire pigs across all age groups were ( mean Â±SEM) 513 Â± 11 and 363 Â±11 g/24 hours, respectively. This difference was highly significant (P < 0.005), but the magnitude of the differ ence was less than the 2.5-fold difference observed previously (1) . Changes in total lactase activity with increasing age for both breeds are shown in figure 1. For compara tive purposes, the mean total activities of 3-and 5-6-month-old pigs of both breeds, derived from pooled data from several previous experiments ( 1 ) ,"â€¢4 are included in figure 1. The total lactase activity in the small intestine at 1 day of age was signifi cantly lower ( P < 0.01 ) than that at any other age and reached maximal levels by 15 "Ekstrom.
K Fig. 1 Total Jactase activity in the small in testine of Chester White (stippled bars) and Hampshire (hatched bars) pigs at various ages. With the 1-43-day-old pigs, the small intestine was divided into 10 segments of equal length, and then the proximal 10 cm of each segment was scraped and homogenized in 0.14 M KC1 to make a final homogenate volume of 30 ml. The procedures used with the 100-110-and 150-180-day-old pigs were identical to the above except that 10-cm segments were taken from each meter of small intestine. The values are the mean + SEM with n â€" 4 except for Hampshire (100-110 days) n = 7; Hampshire (150-180 days) n = 18; and Chester White (150-180 days) n = 33. days of age. After 3 weeks of age, the lactase activity of the Hampshires did not change dramatically although there was a slight downward trend with age. At 15 days of age, the Chester White pigs had higher activities than Hampshires, but the developmental pattern for the Chester White pigs is difficult to interpret, because the pigs from two of the Chester White litters had consistently lower Jactase activi ties after 8 days of age than did those from the other two litters. By 43 days of age, this difference was quite dramatic, be cause the activities of 197 and 178 g/24 hours were considerably below those of 608 and 617 g/24 hours for the other two litters. In light of the mean (687 Â±49 g/24 hours) for the 5-6-month-old Chester White pigs, which represents 33 animals from 7 litters, the activities of these 2 43-day-old pigs would seem to be abnormally low. If that is the case, then the total lactase activity of Chester White pigs ap parently plateaus by 4 weeks of age and thereafter remains at a level significantly higher than that of Hampshires. In any case, with respect to total rnucosal Jactase activity, it is apparent that levels at birth for both breeds are significantly lower than at any later age measured, and that the maximal activity is reached by 2 weeks of age. Thereafter, the total Jactase activity falls to a plateau level of approximately "75% of maximal (2 weeks of age) by 4 weeks of age in Hampshires. The pattern in Chester Whites was less clear since the activity in samples obtained at 150-180 days was similar to that seen at 15 days.
The estimated protein content of the total small intestine (scrapings included all tissue except serosa) averaged over all age groups of the two breeds was 15.5 Â±0.3 and 16.8 Â±0.3 (gÂ±SEM) for the Chester Whites and Hampshires, respectively. This difference was not statistically significant at the 10% level. The age-dependent changes in total protein content of the mucosal tissue estimated from the 10 sam ples taken along the small intestine are shown in figure 2. There was a progressive increase in protein content each week from birth to 6 weeks of age except for the un explained deviation at 3 weeks of age. Con sequently, while the mean total Jactase ac- tivity was about twofold higher at 6 weeks of age than at birth ( fig. 1) , the specific activities were greatly decreased, because the protein content had increased by about eightfold on the average.
The mean lactase specific activities (AmÃ³les of galactose released/milligrams of protein/hour) of the Chester White and Hampshire pigs were 6.69 Â±0.57 and 4.16 Â±0.57 (mean Â±SEM) (P < 0.005), re spectively. The means represent the aver age of all the specific activity measurements made from the intestinal segments of all the pigs in each breed. This significant difference between breeds is expected in light of the total lactase and protein mea surements discussed above. The age-de pendent changes in the mean mucosal lac tase specific activity ( fig. 3 ) for each breed are also consistent with the total lactase and protein data. There were no significant age X breed interactions, and the general decline in activity with age after 1 week is similar to that previously reported (2) (3) (4) (5) 8) .
Although differences in experimental techniques make critical, direct compari sons impossible, estimates of total lactase activity foi pigs are available in the litera ture. Bailey et al. (2) expressed the lac tase activity on a per kilogram of body weight and per gram of wet intestine, and found the activity to be maximal at or shortly after birth. Interestingly, total ac tivity with advancing age, calculated using the intestine or body weights (2) followed a pattern closely resembling that seen in figure 1 . Walker et al. (5) found relatively little variation in lactase activity from birth, 141 g/24 hours, to 5 weeks of age, 180 g/24 hours. These activities differ markedly from those obtained in our study, but the techniques used were also markedly differ ent. Walker "extracted" the intestinal tissue in phosphate buffer, pH 8.5, for 20 hours at room temperature before measuring the enzyme activity. Also, the initial concentra tion of lactose in the incubation medium was only 5.5 mM, which is approximately equal to the Km value we have found for lactase in whole homogenates of mucosal scrapings. The discrepancy also could be due in part to genetic differences between the Large Whites used by Walker and the Chester White and Hampshires used in this study.
The distribution of total lactase activity along the small intestine of the two breeds is shown in figure 4 . The amount of lactase activity in the various segments differed (P < 0.005), with the initial 10% and lower 20% of the intestine having relatively low activity. There was a significant ( P < 0.01 ) breed X segment interaction in that the total activity for the Chester White pigs fell progressively from the 30% site to the 70% site, whereas the activity re mained constant in these segments of the Hampshires. A significant interaction (F < 0.01) was also observed with respect to protein content of the various segments from the intestines of the two breeds ( fig.  5 ) in that the protein content fell pro gressively from the 30% site to the 70% site in Chester Whites but remained essen tially constant in Hampshires. Conse quently, because both the total lactase and the protein content of the lower segments decreased in Chester Whites, the pattern for the distribution of the specific activities along the gut of the two breeds was quite similar ( fig. 6) .
A significant age X segment interaction (P < 0.005) was found for the total lactase activity of the small intestine. The activity in the upper half of the small intestine, except the upper duodenum, increased from birth to 2 weeks of age and remained relatively constant through 6 weeks of age. The activity in the lower half also was highest at 15 days of age but decreased each subsequent week as shown in table 2 ity in the intestine. The pattern of changes in total lactase activity with age for the pig in this study is similar to that reported for the rat (9) . At least two /?-galactosidases have been isolated from the small intestine of the rat (10, 11) . One enzyme has a neutral pH optimum, is associated with the microvilli, and corresponds to the en zyme usually called lactase (12) . The other enzyme has an acid pH optimum, pH 3.0-3.5, and is located in the lysosomal fraction of the enterocytes (11) . The studies with the rat suggest the fall in enzyme activity between 2 and 3 weeks of age involves pri marily a lysosomal Â¿3-galactosidase,which is not assumed to be involved in the hy drolysis of dietary lactose in vivo.
Acid and neutral /3-galactosidases have been isolated from the intestine of the pig (13) but have not been studied as ex tensively as those of the rat. It seems doubt ful that the pig's ability to digest lactose is materially affected by the fall in lactase activity as measured in homogenates from the lower half of the gut, if it is only the acid /8-galactosidase activity that declines. In table 3, WkgÂ°75 is used as an estimate of metabolic body size, and hence an index of the changes in energy requirement with age, to show that the amount of mucosal lactase activity in the small intestine rela tive to the energy requirement falls markedly in both breeds as the pigs mature. From these data, the Hampshire pigs would appear to be more likely to be lactose in- tolerant than the Chester White, especially at 150 to 180 days of age if mucosal lactase is solely responsible for the hydrolysis of lactose in the gut. If this is the case, these two breeds may provide a model for more extensive studies relating to the lactose intolerances and apparent lactase defi ciencies observed in some segments of the human population.
This study has confirmed the earlier ob servation that the total lactase activity in the small intestine of Chester White pigs is significantly greater than that of Hampshires. The pattern of change in total lac tase activity with age was dramatically dif ferent from that observed for specific activ ity. The total activity at 1 day of age was significantly lower than that for any other age, while the specific activity was highest for the first week of life and then fell dra matically. Although there was variation be tween litters of Chester Whites, the total activity of both breeds was maximal at 15 days of age and then decreased by approxi mately 25% to adult levels by 4 weeks of age. Most of the decrease in total lactase activity occurred in the distal 50% of the intestine and perhaps does not reflect a significant change in the pig's ability to digest lactose if it is a lysosomal enzyme that is decreased.
